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1
METHOD AND APPARATUS FOR
CONTROLLING START-UP OF INTERNAL
COMBUSTION ENGINE

FIELD OF THE INVENTION

This invention relates to start-up control of an internal
combustion engine.

BACKGROUND OF THE INVENTION

When a spark ignition type internal combustion engine
starts through cranking, it is desirable that an engine rotation
speed be controlled to early increase to a target idle rotation
speed by suppressing excessive increase in the engine rota-
tion speed after complete combustion in order to suppress fuel
consumption and obtain a desirable exhaust gas composition.

JP 2007-278073A, published by Japan Patent Office in
2007, discloses engine control for this purpose. Specifically,
this control includes control of an intake throttle opening of
an internal combustion engine, control of a fuel injection
amount, and control of an ignition timing of injected fuel.

According to this prior art, increase of hydrocarbons (HC)
in the exhaust gas is prevented by suppressing an excessive
increase in the engine rotation speed generated after the
engine rotation speed reaches a target idle rotation speed
while controlling an air-fuel ratio to a stoichiometric air-fuel
ratio.

SUMMARY OF THE INVENTION

When the internal combustion engine starts, in order to
suppress discharge of hydrocarbons (HC) by promoting
vaporization of fuel, it is desirable to early develop an intake
negative pressure. For this reason, according to the prior art,
a throttle is closed when cranking of the internal combustion
engine is initiated, and the throttle is then opened when the
internal combustion engine performs complete combustion.

In the start-up of the internal combustion engine, it is
necessary to develop an intake negative pressure and obtain
an intake air amount necessary to maintain the idle rotation
speed. A frictional resistance for cranking the internal com-
bustion engine changes depending on a temperature. As the
frictional resistance increases, an engine torque required to
maintain the idle rotation speed increases accordingly. In
addition, a density of the intake air of the internal combustion
engine varies depending on an atmospheric pressure and
affects a substantial intake air amount. More specifically, the
air density of the intake air is different between lowland and
highland areas.

In this way, the intake air amount required for cranking the
internal combustion engine is inevitably influenced by an
atmospheric pressure, an altitude, and an engine temperature
atthe time of cranking initiation. In other words, if the throttle
opening during cranking is maintained in a fixed position
including a closed position as in the case of the prior art, it is
difficult to satisfactorily develop the intake negative pressure
and obtain the intake air amount depending on a start-up
condition.

It is therefore an object of this invention to implement
throttle control capable of satisfactorily promoting develop-
ment of the intake negative pressure during start-up of the
internal combustion engine and supplying the air amount
necessary to maintain the idle rotation speed with an optimal
balance at all times irrespective of a temperature or an atmo-
spheric pressure.
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Inorderto achieve the above object, this invention provides
a method of controlling start-up of an internal combustion
engine that has a throttle for controlling an intake air amount
and performs the start-up through cranking. The method com-
prises detecting cranking initiation of the internal combustion
engine, detecting one or both of an engine temperature and an
atmospheric pressure at the time of cranking initiation of the
internal combustion engine, setting an initial opening based
onone or both of the engine temperature and the atmospheric
pressure at the time of cranking initiation, controlling a
throttle opening of the throttle to the initial opening at the time
of cranking initiation, and starting to increase the throttle
opening of the throttle from the initial opening at a predeter-
mined timing after cranking initiation.

The details as well as other features and advantages of this
invention are set forth in the remainder of the specification
and are shown in the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of an apparatus for control-
ling an internal combustion engine according to this inven-
tion;

FIG. 2 is a flowchart illustrating a routine for setting a
complete combustion flag and a target attainment flag
executed by an engine controller according to a prior art;

FIG. 3 is a flowchart illustrating a routine for controlling an
ignition timing and a throttle opening executed by the engine
controller according to the prior art;

FIG. 4 is a flowchart illustrating a routine for computing a
target equivalence ratio executed by the engine controller
according to the prior art;

FIG. 5 is a flowchart illustrating a routine for computing a
fuel injection pulse width executed by the engine controller
according to the prior art;

FIG. 6 is a flowchart illustrating a routine for controlling an
ignition timing executed by an engine controller according to
this invention;

FIG. 7 is a flowchart illustrating a flag setting routine
executed by the engine controller according to this invention;

FIG. 8 is a flowchart illustrating a routine for controlling a
throttle opening executed by the engine controller according
to this invention;

FIG. 9 is a diagram illustrating a characteristic of a map of
aninitial opening TVOini of a throttle according to this inven-
tion;

FIGS. 10A to 10F are timing charts illustrating a relation-
ship between a start-up coolant temperature and variations of
an engine rotation speed, an air-fuel ratio, the throttle open-
ing, an intake negative pressure, an engine torque, and a fuel
injection amount caused by the start-up throttle control of the
internal combustion engine executed by the engine controller
according to this invention;

FIGS. 11A to 11F are timing charts illustrating a relation-
ship between the atmospheric pressure at the time of cranking
initiation and variations of the engine rotation speed, the
air-fuel ratio, and the throttle opening, the intake negative
pressure, the engine torque, and the fuel injection amount
caused by the start-up throttle control of the internal combus-
tion engine executed by the engine controller according to
this invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring to FIG. 1 of the drawings, in a four-stroke cycle
internal combustion engine 1 for a vehicle, an intake air is
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accumulated in an intake collector 2 after adjusting an amount
thereof by a throttle 23. The accumulated air is then intro-
duced into a combustion chamber 5 of each cylinder through
an intake manifold 3 and an intake valve 15. The internal
combustion engine 1 is a multi-cylinder spark ignition type
reciprocating engine.

An intake port 4 of each cylinder is provided with a fuel
injector 21. The fuel injector 21 intermittently injects fuel into
the intake port 4 at predetermined timings. The fuel injected
into the intake port 4 is mixed with the intake air to form a fuel
mixture. The fuel mixture is confined in the combustion
chamber 5 by closing the intake valve 15. The fuel mixture
confined in the combustion chamber 5 of each cylinder is
compressed by a piston 6 provided in each cylinder and is
ignited by a spark plug 14.

The gas pressure caused by combustion of the fuel mixture
pushes down the piston 6 to generate a reciprocal motion of
the piston 6. The reciprocal motion of the piston 6 is converted
into a rotational motion of the crankshaft 7. The gas after
combustion is discharged to an exhaust passage 8 as an
exhaust gas through an exhaust valve 16.

The exhaust passage 8 is provided with an exhaust mani-
fold connected to each cylinder. The exhaust manifold is
provided with a first catalyst 9 as a start-up catalyst. The
exhaust passage 8 extends to an underfloor of a vehicle. The
exhaust passage 8 in the underfloor portion is provided with a
second catalyst 10.

Both the first and second catalysts 9 and 10 are, for
example, a three-way catalyst. The three-way catalyst can
simultaneously and efficiently remove hydrocarbons (HC),
carbon monoxide (CO), and nitrogen oxides (NOx) contained
in the exhaust gas when the air-fuel ratio remains in a narrow
range centered at a stoichiometric air-fuel ratio.

Operation of the internal combustion engine 1 is controlled
by an engine controller 31. Specifically, the engine controller
31 controls an intake air amount of the throttle 23, a fuel
injection amount of the fuel injector 21, and an ignition tim-
ing of the spark plug 14.

The engine controller 31 comprises a microcomputer hav-
ing a central processing unit (CPU), a read-only memory
(ROM), a random access memory (RAM), and an input/
output interface (I/0 interface). The engine controller 31 may
comprise a plurality of microcomputers.

For the control purposes described above, the engine con-
troller 31 receives input signals corresponding to detection
values from an air flow meter 32 that detects the intake air
amount, a crank angle sensor that detects a reference rotation
position of the internal combustion engine 1 as well as a unit
rotation angle, an oxygen sensor 35 that detects an oxygen
concentration of the exhaust gas and is provided in the
upstream of the first catalyst 9 of the exhaust passage 8, an
accelerator pedal depression amount sensor 42 that detects a
depression amount of an accelerator pedal 41 of a vehicle, a
starter switch 36 used by a vehicle driver to instruct cranking
of the internal combustion engine 1, a temperature sensor 37
that detects an engine coolant temperature, and a pressure
sensor 38 that detects an intake air pressure. The crank angle
sensor comprises a position sensor 33 that detects a unit
rotation angle of the internal combustion engine 1 and a phase
sensor 34 that detects a reference rotation position of the
internal combustion engine 1.

The engine controller 31 sets a basic fuel injection amount
of the fuel injector 21 based on such input signals and per-
forms feedback control for the air-fuel ratio in the combustion
chamber 5 based on the input signal from the oxygen sensor
35 provided in the upstream of the first catalyst 9.
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In the cold start-up of the internal combustion engine 1, it
is desirable that the feedback control of the air-fuel ratio be
implemented early by activating both the catalysts 9 and 10
and the oxygen sensor 35 early. For this purpose, the oxygen
sensor 35 is heated by a heater immediately after the start-up.
The engine controller 31 determines activation of the oxygen
sensor 35 based on the input signal from the oxygen sensor
35. The engine controller 31 initiates the feedback control of
the air-fuel ratio as the oxygen sensor 35 is activated.

The catalysts 9 and 10 are not limited to the three-way
catalyst. For example, in some vehicles, the internal combus-
tion engine is driven at a lean air-fuel ratio by supplying a fuel
mixture to the combustion chamber 5 at an air-fuel ratio
leaner than the stoichiometric air-fuel ratio in a low-load
driving range to improve fuel efficiency after completing the
engine warm-up. In such a vehicle, it is necessary to absorb
nitrogen oxides (NOXx) generated in a large amount at a lean
air-fuel ratio. In this regard, the second catalyst 10 may com-
prise a NOx trap catalyst having a function of the three-way
catalyst. This invention may also be applicable to the vehicle
that uses such a catalyst.

Control of the intake air amount using the throttle 23 is
performed by controlling a throttle motor 24 that drives the
throttle 23. A torque required by a driver is input as a depres-
sion amount of the accelerator pedal 41. The engine controller
31 defines a target torque based on the depression amount of
the accelerator pedal 41. The engine controller 31 computes
the target intake air amount for obtaining the target torque and
outputs a signal corresponding to the target intake air amount
to the throttle motor 24 to control the opening of the throttle
23.

The internal combustion engine 1 comprises a variable
valve lift mechanism 26 having an articulated link that con-
tinuously changes a valve lift amount of the intake valve 15
and a variable valve timing mechanism 27 that continuously
and variably controls a rotational phase difference between
the crank shaft 7 and an intake valve camshaft 25 to advance
or delay an open/close timing of the intake valve 15.

The engine controller 31 performs control for start-up of
the internal combustion engine 1 as explained below:

(1) Delay the ignition timing from a start-up ignition timing to
a predetermined ignition timing, for example, a catalyst
warm-up promoting ignition timing in a stepwise manner or
at a sufficient change speed with which at least the engine
rotation speed is prevented from an excessive increase after it
reaches a target idle rotation speed; and

(2) Start to open the throttle 23 before a predetermined time
period from the timing at which the engine rotation speed
reaches the target idle rotation speed in order to supply the
combustion chamber 5 with the intake air amount necessary
to maintain the engine rotation speed at the target idle rotation
speed after the engine rotation speed reaches the target idle
rotation speed.

Through the aforementioned control, the warm-up of the
first catalyst 9 is promoted. In addition, it is possible to pre-
vent increase of hydrocarbons in the exhaust gas by suppress-
ing the excessive increase in the engine rotation speed after it
reaches the target idle rotation speed while stabilizing the
air-fuel ratio to the stoichiometric air-fuel ratio.

A control routine executed by the engine controller 31 for
this purpose will now be described. First, with reference to
FIGS. 2 to 5, description will be made for control of the
ignition timing, the throttle opening, and the fuel injection
amount in the start-up of the internal combustion engine 1
according to the prior art. Then, description will be made for
control according to this invention.
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FIG. 2 illustrates a routine for setting a complete combus-
tion flag and a target idle rotation attainment flag. The engine
controller 31 executes this routine at certain intervals, for
example, every 100 milliseconds, while an ignition switch
provided in a vehicle is turned on. In addition, the engine
controller 31 is activated when the ignition switch is switched
from OFF to ON, and the engine controller 31 remains in an
operation state while the ignition switch is turned on.

In a step S1, the engine controller 31 reads the engine
rotation speed Ne. The engine rotation speed Ne is computed
based on the input signal from the crank angle sensor com-
prising the position sensor 33 and the phase sensor 34.

In a step S2, the engine controller 31 determines the com-
plete combustion flag. The complete combustion flag is a flag
indicating whether or not the internal combustion engine 1
has achieved a complete combustion. The complete combus-
tion flag is initially set to zero when the ignition switch is
switched from OFF to ON. For this reason, when the routine
is executed for the first time, the complete combustion flag is
set to zero. When the complete combustion flag is zero, the
engine controller 31 compares the engine rotation speed Ne
and the complete combustion rotation speed N0 in a step S3.
The complete combustion rotation speed NO is provided to
determine whether or not the internal combustion engine 1 is
subjected to complete combustion. For example, the com-
plete combustion rotation speed is set to 1,000 revolutions per
minute (RPM). When the engine rotation speed Ne does not
reach the complete combustion rotation speed NO, the engine
controller 31 terminates the routine immediately.

Meanwhile, when the engine rotation speed Ne reaches the
complete combustion rotation speed NO, that is, in the case of
NezN0, the engine controller 31 sets the complete combus-
tion flag to unity in a step S4.

Then, in a step S5, the engine controller 31 activates a
timer. The timer measures time elapsed from the timing at
which the engine rotation speed Ne reaches the complete
combustion rotation speed NO, and the timer value TIME is
reset to zero when the timer is activated. After processing of
the step S5, the engine controller 31 terminates the routine.

In this way, if the complete combustion flag is set to unity
in the step S4, determination of the step S2 is changed to be
negative in a next routine execution, and as a result, the
processing of steps S6 to S8 is performed.

In the step S6, the engine controller 31 compares the timer
value TIME and a predetermined value DT. The predeter-
mined value DT means a time interval from the timing at
which the engine rotation speed Ne reaches the complete
combustion rotation speed NO to the timing at which the
engine rotation speed Ne reaches the target idle rotation speed
NSET. The predetermined value DT is set through experi-
ment or simulation in advance.

Since the timer value TIME immediately after the timer is
activated is smaller than the predetermined value DT, deter-
mination of the step S6 is negative. In this case, the engine
controller 31 increases the timer value TIME by a predeter-
mined increment value in a step S7. The predetermined incre-
ment is set to a value corresponding to a routine execution
cycle.

In this way, the timer value TIME increases whenever the
routine is executed. As a result, the timer value TIME
becomes equal to or greater than the predetermined value DT,
and determination of the step S6 is changed from negative to
affirmative. In this case, the engine controller 31 sets the
target idle rotation attainment flag, which indicates a fact that
the rotation speed has reached the target idle rotation speed
NSET, to unity in the step S8. It should be noted that the target
idle rotation attainment flag is initially set to zero. In other
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words, the target idle rotation attainment flag is reset to zero
when the ignition switch or the starter switch is switched from
OFF to ON. After the processing of the step S7 or the step S8,
the engine controller 31 terminates the routine.

As described above, the engine controller 31 determines
whether or not the internal combustion engine 1 performs the
complete combustion, and the engine rotation speed reaches
the target idle rotation speed by repeatedly executing the
routine for setting the complete combustion flag and the target
idle rotation attainment flag at certain cycles immediately
after the ignition switch is switched from OFF to ON. Then,
the engine controller 31 sets corresponding flags. In the step
S6, itis determined that the engine rotation speed reaches the
target idle rotation speed NSET when time corresponding to
the predetermined value DT elapses after the internal com-
bustion engine 1 performs complete combustion. However,
this determination may be made by directly comparing the
target idle rotation speed NSET and the engine rotation speed
Ne detected by the crank angle sensor.

FIG. 3 illustrates a routine for controlling the ignition
timing and the throttle opening. The engine controller 31
executes this routine subsequently to the routine of FIG. 2 at
certain intervals, for example, every 100 milliseconds while
the ignition switch is turned on.

In a step S21, the engine controller 31 determines whether
or not the current routine execution timing is immediately
after the ignition switch is switched from OFF to ON.

If the determination in the step S21 is affirmative, the
engine controller 31 incorporates the coolant temperature
TW of the internal combustion engine 1 detected by the
temperature sensor 37 as the start-up coolant temperature
TWINT in a step S22. The engine controller 31 computes a
first ignition timing ADV1 depending on the start-up coolant
temperature TWINT. The first ignition timing ADV1 is an
optimal ignition timing for the engine start-up. Here, the first
ignition timing ADV1 is computed as a value significantly
advancing from the ignition timing of the normal driving.

In a step S23, the engine controller 31 sets an ignition
timing instruction value ADV to a value equal to the com-
puted first ignition timing ADV1.

In a step S24, an initial value is input to a target throttle
opening tTVO. The initial value is set to, for example, zero.
After the processing of the step S24, the engine controller 31
terminates the routine.

Meanwhile, ifthe determination in the step S21 is negative,
the engine controller 31 determines whether or not the com-
plete combustion flag is unity in the step S25. If it is deter-
mined that the complete combustion flag is not unity, the
engine controller 31 sets the ignition timing instruction value
ADV to the previous value in a step S27. In this way, the
ignition timing instruction value ADV is maintained at the
first ignition timing ADV1 until it is determined that the
internal combustion engine 1 has achieved complete combus-
tion

After the processing of the step S27, the engine controller
31 sets the target throttle opening tTVO to zero, which is the
initial value, in the step S24 and terminates the routine.

In this way, until the complete combustion is performed
after the cranking of the internal combustion engine 1 is
initiated, the ignition timing instruction value ADV is main-
tained at the first ignition timing ADV1, and the target throttle
opening tTVO is maintained at zero.

Meanwhile, if the complete combustion flag is unity in the
determination of the step S25, the engine controller 31 deter-
mines whether or not the target idle rotation attainment flag is
unity in a step S26. If it is determined that the target idle
rotation attainment flag is not unity, the engine controller 31
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sets the ignition timing instruction value ADV equal to the
previous value in a step S28. Therefore, even after it is deter-
mined that the internal combustion engine 1 has achieved
complete combustion, the ignition timing instruction value
ADV is maintained at the value equal to the first ignition
timing ADV1 until the timer value TIME reaches the prede-
termined value DT, that is, until the engine rotation speed Ne
reaches the target idle rotation speed NSET.

After the processing of the step S28, the engine controller
31 computes the target throttle opening tTVO based on fol-
lowing Equation (1) in a step S29.

(TVO=tTVO(PRE)+ATVO o)

where, ATVO=increment; and

tTVO(PRE)=previous value of tTVO.

tTVO(PRE) in Equation (1) denotes a previous value of the
target throttle opening, whose initial value is zero.

A predetermined increment ATVO in Equation (1) is an
increment of the target throttle opening per predetermined
time. The predetermined increment ATVO is determined
such that the target throttle opening tTVO reaches the target
idle opening TVO1 when the engine rotation speed Ne
reaches the target idle rotation speed NSET. Here, the target
idle opening TVO1 is a throttle opening corresponding to the
minimum intake air amount necessary to generate a torque
capable of allowing the internal combustion engine 1 to main-
tain the target idle rotation speed NSET. The value of the
target idle opening TVO1 is set through experiment or simu-
lation in advance.

After the target throttle opening t TVO is set in the step S29,
the engine controller 31 compares the target throttle opening
tTVO and the target idle opening TVO1 in a step S30.

When the determination of step S26 is changed to be nega-
tive for the first time, that is, immediately after the engine
rotation speed Ne reaches the target idle rotation speed NSET,
the target throttle opening tTVO does not exceed the target
idle opening TVOL1. In this case, the engine controller 31
terminates the routine without advancing the process.

In the subsequent routine execution, through the process-
ing of the step S29, the target throttle opening tTVO increases
by a predetermined increment ATVO whenever the routine is
executed. As a result, as the target throttle opening tTVO
exceeds the target idle opening TVO1, and the determination
of the step S30 s changed to be affirmative, the engine con-
troller 31 maintains the target throttle opening tTVO at TVO1
in a step S31. After the processing of the step S31, the engine
controller 31 terminates the routine. Accordingly, in the sub-
sequent routine execution, even when the routine is repeat-
edly executed, the target throttle opening tTVO is maintained
at the target idle opening TVO1 without increase.

Meanwhile, in the determination of the step S26, as the
target idle rotation attainment flag is unity, the engine con-
troller 31 computes the second ignition timing ADV?2 depend-
ing on the coolant temperature TW of the internal combustion
engine 1 detected by the temperature sensor 37 in a step S32.
The second ignition timing ADV2 may be set to, for example,
the ignition timing for promoting warm-up of the first catalyst
9 in the cold start-up of the internal combustion engine 1.
Alternatively, in order to suppress overshooting of the engine
rotation speed by abruptly increasing the intake air amount, a
delayed ignition timing may be set temporarily. In this way,
the second ignition timing ADV2 is computed as a value
delayed from the first ignition timing ADV1.

Then, in a step S33, the engine controller 31 sets the igni-
tion timing instruction value ADV to the value equal to the
second ignition timing ADV2.
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As a result of the processing described above, when the
engine rotation speed Ne reaches the target idle rotation speed
NSET, the ignition timing instruction value ADV is switched
from the first ignition timing ADV1 to the second ignition
timing ADV?2 in a stepwise manner.

In a step S34, the engine controller 31 maintains the target
throttle opening tTVO equal to the previous value, that is,
TVO1. After the processing of the step S34, the engine con-
troller 31 terminates the routine.

In this way, after the engine rotation speed Ne reaches the
target idle rotation speed NSET, the ignition timing instruc-
tion value ADV is switched to the second ignition timing
ADV2 in a stepwise manner. Meanwhile, the target throttle
opening tTVO is maintained at the target idle opening TVO1.
Here, the ignition timing instruction value ADV is switched to
ADV?2 at one time in a stepwise manner. However, the igni-
tion timing instruction value ADV may be switched at a
predetermined change rate capable of preventing the engine
rotation speed from increasing excessively.

FIG. 4 illustrates a routine for computing a target equiva-
lence ratio TFBYA executed by the engine controller 31. The
equivalence ratio corresponds to an inverse of the air-fuel
ratio. The engine controller 31 executes this routine at certain
intervals, for example, every 100 milliseconds, while the
ignition switch is turned on. In addition, the engine controller
31 is activated when the ignition switch is switched from OFF
to ON. The engine controller 31 remains operative while the
ignition switch is turned on.

In a step S41, the engine controller 31 determines whether
or not the current routine execution timing corresponds to the
timing immediately after the ignition switch is switched from
OFF to ON.

Ifthe determination is affirmative, the engine controller 31
computes an initial value KASO0 of a start-up increment cor-
rection coefficient based on the start-up coolant temperature
TWINT output from the temperature sensor 37 in a step S42.
The initial value KASO of the start-up increment correction
coefficient increases as the start-up coolant temperature
TWINT decreases.

Then, in a step S43, the engine controller 31 sets the start-
up increment correction coefficient KAS equal to the initial
value KASO0. After the processing of the step S43, the engine
controller 31 executes the processing of a step S50.

Meanwhile, ifthe determination is negative in the step S41,
that means the ignition switch is already switched to ON in
the routine execution before the previous time. In this case,
the engine controller 31 determines whether or not the target
idle rotation attainment flag is at unity in a step S44. As
described above, the target idle rotation attainment flag is
reset to zero when the ignition switch is switched to ON, and
the target idle rotation attainment flag is set to unity in the step
S8 of FIG. 2. If the target idle rotation attainment flag is at
unity, that means the engine rotation speed Ne has reached the
target idle rotation speed NSET.

However, if it is determined NO in step S44, the engine
controller 31 sets the start-up increment correction coefficient
KAS to the previous value in step S45. In this routine, the
start-up increment correction coefficient KAS is maintained
at the initial value KASO0 until the determination of step S44
is changed to YES. After the processing of step S45, the
engine controller 31 executes the processing of step S50.

Meanwhile, ifthe determination is negative in the step S44,
the engine controller 31 determines whether or not the start-
up increment correction coefficient KAS is zero in a step S46.
As described above, in the step S43 immediately after the
start-up of the internal combustion engine 1, the start-up
increment correction coefficient KAS is set to the initial value
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KASO. Since the start-up increment correction coefficient
KAS is set to the initial value KASO immediately after the
engine rotation speed Ne reaches the target idle rotation speed
NSET, the start-up increment correction coefficient KAS is
not equal to zero.

In this case, the engine controller 31 sets the start-up incre-
ment correction coefficient KAS based on following Equa-
tion (2) in a step S47.

KAS=KAS(PRE)-AixKAS(PRE) )

where, At=predetermined decrement rate; and

KAS(PRE)=value of start-up increment correction coeffi-

cient KAS in the previous routine execution.

Herein, the predetermined decrement rate At is a value for
determining a decrement amount of the start-up increment
correction coefficient KAS per predetermined time. This
value is appropriately set in advance such that the start-up
increment correction coefficient KAS becomes zero when the
intake negative pressure is converged to a certain value. The
initial value of the KAS(PRE), indicating the previous value
of the start-up increment correction coefficient, is set at
KASO.

After the target idle rotation attainment flag changes to
unity, the engine controller 31 repeatedly performs the pro-
cessing of the steps S46 and S47. As a result, the start-up
increment correction coefficient KAS gradually decreases. In
this regard, in a step S48, the start-up increment correction
coefficient KAS is compared with zero. When the start-up
increment correction coefficient KAS becomes a negative
value, the process advances to a step S49, and the start-up
increment correction coefficient KAS is reset to zero. After
the processing of the step S49, the engine controller 31 per-
forms the processing of a step S50.

Meanwhile, if the start-up increment correction coefficient
KAS is equal to or greater than zero in the determination of
the step S48, the engine controller 31 performs the processing
of the step S50 without resetting the start-up increment cor-
rection coefficient KAS again.

Inthe step S50, the engine controller 31 computes a coolant
increment correction coefficient KTW with reference to a
map stored in ROM in advance based on the coolant tempera-
ture TW of the internal combustion engine 1. The coolant
increment correction coefficient KTW increases as the cool-
ant temperature TW decreases.

Then, in a step S51, the engine controller 31 computes the
target equivalence ratio TFBYA based on following Equation
(3) using the coolant increment correction coefficient KTW
and the start-up increment correction coefficient KAS.

TFBYA=1+KTW+KAS 3)

The target equivalence ratio TFBYA is a value centered at
1.0. After completing the warm-up of'the internal combustion
engine 1, TFBYA=1 (where KTW=0, and KAS=0).
TFBYA=1 corresponds to a fuel mixture of a stoichiometric
air-fuel ratio. In the cold start-up of the internal combustion
engine 1, the start-up increment correction coefficient KAS is
added, so that the target equivalence ratio TFBYA becomes a
value exceeding 1.0. The start-up increment correction coef-
ficient KAS is a value obtained by considering a fuel wall flow
rate in the cold start-up. Resultantly, the target equivalence
ratio TFBYA becomes a value greater than 1.0. Such correc-
tion is performed to set the fuel mixture supplied to the
combustion chamber 5 to the stoichiometric air-fuel ratio.

FIG. 5 illustrates a routine for computing the fuel injection
pulse width Ti executed by the engine controller 31. The
engine controller 31 executes this routine at certain intervals,
for example, every 100 milliseconds while the ignition switch
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is turned on. The routine for setting the complete combustion
flag and the target idle rotation attainment flag in FIG. 2 and
the routine for controlling the ignition timing and the throttle
opening in FIG. 3 are sequentially executed. Meanwhile, the
routine for computing the target equivalence ratio TFBYA in
FIG. 4 and the routine for computing the fuel injection pulse
width Ti in FIG. 5 are executed in parallel with or indepen-
dently from the routines of FIGS. 2 and 3. The fuel injection
pulse width Ti is a value representative of the fuel injection
amount of the fuel injector 21.

In a step S61, the engine controller 31 computes the start-
up fuel injection pulse width Til based on following Equation

4).

Ti1=TSTXKNSTXKIST 4

where,

TST=start-up basic injection pulse width;

KNST=rotation speed correction coefficient; and

KTST=time correction coefficient.

Methods of obtaining the start-up basic injection pulse
width TST, the rotation speed correction coefficient KNST,
and the time correction coefficient KTST are known in the art,
and description thereof will be omitted.

In a step S62, the engine controller 31 determines whether
or not there is a signal input from the air flow meter 32. If the
signal from the air flow meter 32 is not input, the engine
controller 31 sets the final fuel injection pulse width Ti equal
to the start-up fuel injection pulse width Til in a step S65.
After the processing of the step S65, the engine controller 31
terminates the routine.

If there is a signal input from the air flow meter 32, the
engine controller 31 computes a normal fuel injection pulse
width Ti2 based on following Equation (5) using the target
equivalence ratio TFBYA obtained in the most recently
executed routine for computing the target equivalence ratio
TFBYA of FIG. 4 in a step S63.

Ti2=(Tpx TFBYA+Kathos)x(a+am—1)+1s (5)

where,

Ti2=basic injection pulse width,

TFBYA=target equivalence ratio;

Kathos=transitional correction amount;

a=air-fuel ratio feedback correction coefficient;

am=air-fuel ratio learning correction coefficient; and

Ts=ineffectual injection pulse width

The transient correction amount Kathos is a known correc-
tion amount computed basically based on an engine load, an
engine rotation speed, and a temperature in a fuel adhering
portion in consideration of the fuel wall flow rate of the fuel
flowing along the wall surface of the intake port 4. During the
start-up of the internal combustion engine 1, the fuel flowing
along the wall surface of the intake port 4 out of the fuel
injection amount arrives at the combustion chamber 5 with a
delay. Therefore, the delay is compensated by increasing the
fuel injection amount.

Concepts and computation methods for the air-fuel ratio
feedback correction coefficient a, the air-fuel ratio learning
correction coefficient am, and the ineffectual injection pulse
width Ts are known in the art.

The basic injection pulse width Tp is computed based on
following Equation (6).

Ip=KxQa/Ne (6)

where, Qa=intake air amount detected by the air flow meter
32.

The constant K in Equation (6) is set such that the air-fuel
ratio of the fuel mixture becomes the stoichiometric air-fuel
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ratio. While the start-up increment correction coefficient
KAS is a positive value greater than zero, the fuel injection
amount from the fuel injector 21, that is, the fuel injection
pulse width Ti is compensated in an increasing manner.

In step S64 to S66, the engine controller 31 compares the
start-up fuel injection pulse width Til and the normal fuel
injection pulse width Ti2, and the greater one is selected for
the final fuel injection pulse width Ti. Then, the engine con-
troller 31 terminates the routine.

The fuel injection pulse width Ti is transmitted to an output
register, and the fuel injectors 21 in each cylinder inject fuel
into the intake port 4 for a period corresponding to the fuel
injection pulse width Ti at a predetermined fuel injection
timing.

The control of the ignition timing, the throttle opening, and
the fuel injection amount during the start-up of the internal
combustion engine 1 is disclosed in JP 2007-278073 A, pub-
lished by Japanese Patent Office in Oct. 25, 2007, the entire
content of which is incorporated herein by reference.

Next, description will be made for control of the throttle
applied during the start-up of the internal combustion engine
1 according to this invention.

Inthe prior art described above, the throttle is maintained in
a fixed position such as a fully closed position from initiation
of cranking to the complete combustion. Here, the “fully
closed position” is a generic idiom. In practice, a predeter-
mined gap is set between the throttle 23 and the wall surface
of' the intake pipe around the throttle 23. For this reason, even
when the throttle 23 is in a fully closed position, the air
passing through this gap is aspirated into the combustion
chamber 5.

If the throttle 23 is maintained in a fixed position from
cranking initiation without exception, it may be difficult to
obtain an optimal intake air amount depending on an atmo-
spheric pressure and an engine temperature. The reason will
be described in detail as follows.

A case where the opening of the throttle 23 at the time of
cranking is fixed by assuming a certain reference temperature
will be considered. If the engine temperature at the time of
cranking initiation is lower than the reference temperature, a
frictional resistance of the engine increases, and the engine
torque necessary to maintain the idle rotation increases.
Therefore, the intake air amount necessary to maintain the
idle rotation also increases accordingly.

The atmospheric pressure decreases as a vehicle moves
from a lowland area to a highland area. If the opening of the
throttle 23 at the time of cranking is not changed, the throttle
23 has a substantially throttled state. In this case, while the
intake negative pressure is developed more in comparison
with the lowland area, the intake air amount decreases in
comparison with the lowland area.

In a case where the throttle opening at the time of cranking
of the internal combustion engine 1 is maintained in a fixed
position including a fully closed position, start-up perfor-
mance of the internal combustion engine 1 is unavoidably
influenced by the engine temperature and the atmospheric
pressure at the time of cranking initiation as described above.

In the cranking initiation, the throttle 23 is first closed in
order to generate the intake negative pressure lower than the
atmospheric pressure. The opening of the throttle 23 at this
time is referred to as an “initial opening” of the throttle 23.
According to this invention, influences of such factors are
excluded by setting the initial opening of the throttle 23 to a
different value depending on the engine temperature and the
atmospheric pressure at the time of cranking initiation.

Description will be made for start-up control of the internal
combustion engine 1, including the aforementioned control
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executed by the engine controller 31 according to this inven-
tion, with reference to FIGS. 6 to 10.

The engine controller 31 executes the ignition timing con-
trol routine of FIG. 6, the flag setting routine of FIG. 7, and the
throttle control routine of FIG. 8 instead of the routine of FIG.
3, subsequently to the routine for setting the complete com-
bustion flag and the target idle rotation attainment flag of F1G.
2 according to the prior art, while the ignition switch is turned
on. Meanwhile, similar to the prior art, the routine for com-
puting the target equivalence ratio TFBYA of FIG. 4 and the
routine for computing the fuel injection pulse width Ti of FIG.
5 are executed in parallel with and independently from the
routine of FIG. 2.

The routine for computing the ignition timing instruction
of FIG. 6 is obtained by deleting steps S24, S30, S31, and S34
relating to the throttle control from the routine according to
the prior art in FIG. 3. In this routine, the engine controller 31
performs control of the throttle 23 using the routines of FIGS.
7 and 8 by controlling only the ignition timing of the spark
plug 14.

The flag setting routine of FIG. 7 is executed subsequently
to the routine for computing the ignition timing of FIG. 6

Referring to FIG. 7, in a in step S111, the engine controller
31 determines whether or not the current routine execution
timing is immediately after the ignition switch is switched
from OFF to ON. If the determination is affirmative, the
engine controller 31 sets the intake negative pressure devel-
opment start-up permission flag, the throttling flag, and the
throttle control flag to unity, unity, and zero, respectively, in a
step S112 and terminates the routine.

Ifthe determination is negative in the step S111, the engine
controller 31 determines whether or not the number of strokes
from cranking initiation is equal to or greater than a prede-
termined number six in a step S113.

If the number of strokes is smaller than the predetermined
number six, the engine controller 31 terminates the routine
without executing further steps. If the number of strokes is
equal to or greater than the predetermined number six, the
engine controller 31 sets the throttling flag and the throttle
control flag to zero and unity, respectively, in a step S114.

Here, the meaning of comparison between the number of
strokes and the predetermined number six will be described.

In the start-up of the internal combustion engine 1, it is
preferable that the throttle 23 be opened when the actual
intake negative pressure becomes sufficient to promote
vaporization of fuel, and the intake air amount necessary to
maintain the target idle rotation speed is obtained. The intake
negative pressure at this time is referred to as an intake nega-
tive pressure opening request threshold value. In the prior art
described above, the target throttle opening tTVO increases in
the step S29 by assuming that the intake negative pressure
opening request threshold value is reached when the complete
combustion flag is changed to unity in the step S25 of FIG. 3.
However, the intake negative pressure at the time of cranking
significantly pulsates. Therefore, even when the intake nega-
tive pressure has increased to the intake negative pressure
opening request threshold value, the subsequent intake nega-
tive pressure may decrease immediately thereafter. Herein,
the decrease of the intake negative pressure means pressure
increase to the atmospheric pressure.

Ifthe intake throttle 23 is opened at this timing, subsequent
development of the intake negative pressure is suppressed, so
that the intake negative pressure makes fluctuates near the
intake negative pressure opening request threshold value. If
the intake negative pressure does not increase over the intake
negative pressure opening request threshold value, vaporiza-
tion of fuel is not sufficiently promoted, and it is difficult to
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suppress increase of hydrocarbons (HC) generated in a large
amount during the cold start-up.

In order not to hinder development of the intake negative
pressure, it is preferable to consider that the timing at which
the intake negative pressure secondly reaches the intake nega-
tive pressure opening request threshold value after cranking
initiation corresponds to the timing at which the actual intake
negative pressure becomes sufficient to promote vaporization
of fuel while the intake air amount necessary to maintain the
target idle rotation speed is obtained. This timing is set as a
timing for starting to open the throttle 23. The predetermined
value six represents the number of strokes from cranking
initiation corresponding to this timing in a case of 4-cylinder
or 8-cylinder engines.

The number of strokes corresponding to the timing at
which the intake negative pressure secondly reaches the
intake negative pressure opening request threshold value is
obtained as a predetermined value through experiment or
simulation in advance. Therefore, the predetermined value is
not limited to six.

Inastep S115, the engine controller 31 determines whether
or not the target throttle opening tTVO reaches the target idle
opening TVO1.

If the determination is negative, the engine controller 31
terminates the routine immediately.

If the determination is affirmative, the engine controller 31
resets both the intake negative pressure development start-up
permission flag and the throttle control flag to zero and main-
tains the throttling flag in a zero state in a step S116.

Through the routine execution described above, opening of
the throttle 23 is not initiated until the number of strokes
reaches a predetermined value six after cranking initiation,
and opening of the throttle 23 is initiated as the number of
strokes reaches six.

The throttle control routine of FIG. 8 is executed subse-
quently to the flag setting routine of FIG. 7.

Referring to FIG. 8, in a step S131, the engine controller 31
determines whether or not the intake negative pressure devel-
opment start-up permission flag is at unity. If the intake nega-
tive pressure development start-up permission flag is at unity,
the engine controller 31 determines whether or not a start-up
mode corresponds to a normal start-up mode in a step S132.

The normal start-up mode means that the internal combus-
tion engine 1 performs start-up in a high-temperature state.
The normal start-up mode is applied when a driver performs
a start-up operation immediately after driving of the internal
combustion engine 1 stops or when the start-up of the internal
combustion engine 1 is performed in a warm-up state caused
by remaining heat in the previous driving, such as restarting
from an idle stop state. In this case, the development of the
intake negative pressure is not necessary. Since this invention
focuses on the cold start-up of the internal combustion engine
1 necessitating development of the intake negative pressure,
the control according to this invention is not performed in the
normal start-up mode, and the normal start-up is performed in
a step S133 instead.

Since the normal start-up means the start-up control
applied to a case where the internal combustion engine 1 does
not necessitate warm-up, the engine controller 31 performs
the normal start-up in the step S133 when the start-up mode
corresponds to the normal start-up mode even if the intake
negative pressure development start-up permission flag is
unity in the step S131. After the processing of the step S133,
the engine controller 31 terminates the routine.

When a cold start-up of the internal combustion engine 1 is
performed, the determination of the step S132 becomes nega-
tive.
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In this case, the engine controller 31 determines whether or
not the throttling flag is at unity in a step S134. Ifthe throttling
flag is at unity, the engine controller 31 performs the process-
ing subsequent to a step S141.

Meanwhile, if the throttling flag is at zero, the engine
controller 31 determines the throttle control flag in a step
S136. If the throttle control flag is at unity, the target throttle
opening tTVO is computed based on Equation (1) described
above in a step S137. After the processing of the step S137,
the engine controller 31 terminates the routine.

In the step S141, the engine controller 31 determines
whether or not the initial opening setting complete flag is at
unity. The initial value of the initial opening setting complete
flag is zero. In other words, the initial opening setting com-
plete flag is reset to zero as the ignition switch or the starter
switch is switched from OFF to ON.

If the initial opening setting complete flag is at zero, the
engine controller 31 sets the initial opening of the throttle 23
in steps S142 to S144. That is, in the step S142, the initial
opening TVOini of the throttle 23 is set based on the coolant
temperature TWINT (hereinafter, referred to as a start-up
coolant temperature) detected by the temperature sensor 37 at
the time of cranking initiation and the atmospheric pressure
Pa detected by the pressure sensor 38 at the time of cranking
initiation with reference to the map illustrated in FIG. 9. The
start-up coolant temperature TWINT is used as a value rep-
resentative of the engine temperature at the time of engine
start-up.

The inner side of the collector 2 is maintained in the atmo-
spheric pressure Pa at the time of cranking initiation. There-
fore, the pressure detected by the pressure sensor 38 at the
time of cranking initiation is equal to the atmospheric pres-
sure Pa. In this manner, since the atmospheric pressure Pa at
the time of cranking initiation is detected using the pressure
sensor 38 for detecting the intake pressure, it is not necessary
to separately provide a dedicated pressure sensor for detect-
ing the atmospheric pressure.

Referring to FIG. 9, a characteristic of the map is set such
that the initial opening TVOini of the throttle 23 decreases as
the start-up coolant temperature TWINT increases when the
atmospheric pressure Pa is constant, and the throttle 23 has a
fully closed position when the start-up coolant temperature
TWINT is at its highest point. In addition, it is assumed that
the throttle 23 has a default opening when the start-up coolant
temperature TWINT is at its lowest point. As the start-up
coolant temperature TWINT decreases, the frictional resis-
tance of the engine 1 increases, and start-up performance is
degraded. As the start-up coolant temperature TWINT
decreases, the initial opening TVOini of the throttle 23
increases, so that it is possible to increase the torque gener-
ated by the engine against the frictional resistance by increas-
ing the intake air amount during the cranking.

Meanwhile, in a case where the coolant temperature
TWINT at the time of start-up is constant, the characteristic of
the map is set such that the initial opening TVOini of the
throttle 23 increases as the atmospheric pressure Pa
decreases. In a highland area where the atmospheric pressure
Pa is low, the air density decreases, and the substantial intake
air amount is reduced in comparison with a lowland area
where the atmospheric pressure Pa is high. As a result, the
torque generated by the engine is reduced, and start-up per-
formance is degraded. In a highland area where the atmo-
spheric pressure Pa is low, reduction of the torque generated
by the engine is prevented by increasing the initial opening
TVOini of the throttle 23 and the intake air amount in order to
compensate substantial reduction of the intake air amount.
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The pressure sensor 38 is installed in the intake collector 2
to detect the intake negative pressure after the engine start-up.
Immediately before the cranking initiation, the inner side of
the intake collector 2 has the atmospheric pressure. There-
fore, at the cranking initiation timing, the pressure detected
by the pressure sensor 38 is equal to the atmospheric pressure.

As a parameter for determining the initial opening TVOini
of the throttle 23, a temperature of engine oil at the time of
cranking initiation or a temperature of transmission oil at the
time of cranking initiation may be used instead of the start-up
coolant temperature TWINT. Since the atmospheric pressure
is a value representative of the atmospheric air density, the air
density may be directly detected.

Through execution of the routines described above, the
initial opening TVOini of the throttle 23, which is an opening
until the number of strokes reaches a predetermined number
six after cranking initiation, is set depending on the start-up
coolant temperature TWINT and the atmospheric pressure
Pa.

Next, effects caused by execution of the routines in FIGS.
6 to 8 will be described with reference to FIGS. 10A to 10F
and FIGS. 11A to 11F.

FIGS. 10A to 10F illustrate the engine rotation speed, the
air-fuel ratio, the throttle opening, the intake negative pres-
sure, the engine torque, and the fuel injection amount, respec-
tively, in the cold start-up of the internal combustion engine 1.
In FIGS. 10A to 10F, the solid lines relate to a case where the
routines of FIGS. 6 to 8 are applied to a normal-temperature
start-up, and the single-dotted lines relate to a case where the
routines of FIGS. 6 to 8 are executed in a low-temperature
start-up. The broken lines relate to a case where the throttle
opening at the time of start-up is fixed without applying this
invention. The abscissa denotes time elapsed after cranking
initiation.

Both the normal-temperature start-up and the low-tem-
perature start-up refer to types of cold start-up of the internal
combustion engine 1, and are distinguished depending on the
engine temperature at the time of cranking initiation. The
engine temperature at the time of cranking initiation is nearly
equal to the atmospheric temperature. Specifically, the nor-
mal-temperature start-up is a type of cold start-up of the
internal combustion engine 1 at anormal temperature, and the
low-temperature start-up is a type of cold start-up of the
internal combustion engine 1 at a low temperature. A case
where the internal combustion engine 1 is restarted in a warm-
up state caused by remaining heat in the previous driving, for
example, a case where the internal combustion engine 1 is
restarted immediately after the driving stops is referred to as
the normal start-up mode as described above, which is distin-
guished from the cold start-up.

However, at the time of normal-temperature start-up, the
initial opening TVOini of the throttle 23 obtained from the
start-up coolant temperature TWINT in the step S142 of FIG.
8 with reference to the map of FIG. 9 is set to a relatively low
value as indicated by the solid line of FIG. 10C. For this
reason, as illustrated in FIG. 10D, it is possible to sufficiently
promote development of the intake negative pressure and
obtain desirable effects to promote vaporization of the
injected fuel. In addition, by setting the initial opening
TVOini to a low value, it is possible to control the intake air
amount to a value suitable for complete combustion. As a
result, it is possible to suppress excessive increase in the
rotation speed exceeding the target idle rotation speed as
illustrated in FIG. 10A and reduce the fuel injection amount
necessary in the start-up as illustrated in FIG. 10F. In addition,
by assuming that the timing at which the actual intake nega-
tive pressure becomes sufficient to promote vaporization of
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fuel and the intake air amount necessary to maintain the target
idle rotation speed is obtained is equal to the timing at which
the intake negative pressure secondly reaches the intake nega-
tive pressure opening request threshold value, and by setting
the timing for starting to open the throttle 23 to this timing, it
is possible to prevent the air-fuel ratio from becoming exces-
sively lean as illustrated in FIG. 10B.

Meanwhile, in the low-temperature start-up, the initial
opening TVOini of the throttle 23 obtained in the step S142 of
FIG. 8 based on the map of FIG. 9 is set to a value higher than
that of the normal-temperature start-up as indicated by the
single-dotted line of FIG. 10C. In the low-temperature start-
up, a frictional resistance of the engine 1 increases, and start-
up performance is degraded. In this case, the engine torque
increases from initial combustion by increasing the initial
opening TVOini of the throttle 23 to increase the intake air
amount during cranking as illustrated in FIG. 10E. Therefore,
smooth start-up of the internal combustion engine 1 against
the frictional resistance is reliably obtained.

If the initial opening TVOini is large, it is difficult to
develop the intake negative pressure. Vaporization of the
injected fuel is promoted by developing the intake negative
pressure. Therefore, in the low-temperature start-up, an effect
of promoting vaporization of the injected fuel is reduced in
comparison with the normal-temperature start-up, and an
effect of preventing the lean air-fuel ratio is limitative as
illustrated in FIG. 10B. However, even in this case, a certain
desirable effect is also obtained for development of the intake
air pressure in comparison with a case where the throttle 23
starts to be opened from the default opening before the initial
combustion without applying this invention as illustrated in
the broken line of FIG. 10B.

FIGS. 11A to 11F illustrate the engine rotation speed, the
air-fuel ratio, the throttle opening, the intake negative pres-
sure, the engine torque, and the fuel injection amount, respec-
tively, in the start-up of the internal combustion engine 1. In
FIGS. 11A to 11F, the solid lines relate to a case where the
routines of FIGS. 6 to 8 are applied to the start-up in a lowland
area where the atmospheric pressure is high, and the single-
dotted lines relate to a case where the routines of FIGS. 6to 8
are applied to the start-up in a highland area where the atmo-
spheric pressure is low. The broken lines relate to a case where
the throttle opening is fixed at the time of start-up without
applying this invention. The abscissa denotes time elapsed
after cranking initiation.

In the start-up in a lowland area where the atmospheric
pressure is high, the initial opening TVOini of the throttle 23
obtained in the step S142 of FIG. 8 based on the start-up
coolant temperature Tini with reference to the map of FIG. 9
is set to a relatively low value as indicated by the solid line of
FIG. 11C. For this reason, as illustrated in FIG. 11D, it is
possible to sufficiently promote development of the intake
negative pressure and obtain a desirable effect to promote
vaporization of the injected fuel. In addition, by setting the
initial opening TVOini to a low value, it is possible to control
the intake air amount to a value suitable for complete com-
bustion. As a result, it is possible to suppress excessive
increase in the rotation speed exceeding the target idle rota-
tion speed as illustrated in FIG. 11A and reduce the fuel
injection amount necessary in the start-up as illustrated in
FIG. 11F. In addition, by assuming that the timing at which
the actual intake negative pressure becomes sufficient to pro-
mote vaporization of fuel and the intake air amount necessary
to maintain the target idle rotation speed is obtained is equal
to the timing at which the intake negative pressure secondly
reaches the intake negative pressure opening request thresh-
old value, and by setting the timing for starting to open the
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throttle 23 to this timing, it is possible to prevent the air-fuel
ratio from becoming excessively lean as illustrated in FIG.
11B.

Meanwhile, in the start-up in a highland area where the
atmospheric pressure is low, the initial opening TVOini of the
throttle 23 obtained in the step S142 of FIG. 8 with reference
to the map of FIG. 9 is set to a value higher than that of the
start-up in a lowland area as indicated by the single-dotted
line in FIG. 11C. In a highland area where the atmospheric
pressure Pa is low, the air density is lower than that of a
lowland area where the atmospheric pressure Pa is high, and
the substantial intake air amount is reduced. As a result, the
engine torque is reduced, and start-up performance is
degraded. In this regard, if the initial opening TVOini of the
throttle 23 increases, the intake air amount increases from the
initial combustion, and it is possible to compensate substan-
tial reduction of the intake air amount caused by the air
density. As a result, reduction of the engine torque is sup-
pressed, and smooth start-up of the internal combustion
engine 1 is reliably obtained.

If the initial opening TVOini is large, it is difficult to
develop the intake negative pressure. Vaporization of the
injected fuel is promoted by developing the intake negative
pressure. Therefore, in the low-temperature start-up, an effect
of promoting vaporization of the injected fuel is reduced in
comparison with the normal-temperature start-up, and an
effect of preventing the lean air-fuel ratio becomes limitative
as illustrated in FIG. 11B. However, even in this case, a
certain desirable effect is also obtained for development of the
intake air pressure in comparison with a case where the
throttle 23 starts to be opened from the default opening before
initial combustion without applying this invention as indi-
cated by the broken line of FIG. 11B.

Through the control described above, it is possible to pro-
mote development of the intake negative pressure at the time
of cold start-up of the internal combustion engine 1 and
supply the air amount necessary to maintain the idle rotation
speed with an optimal balance regardless of a temperature and
an atmospheric pressure. According to this embodiment, the
initial opening TVOini is set by using parameters such as the
atmospheric pressure Pa and the start-up coolant temperature
TWINT as the engine temperature at the time of start-up of
the internal combustion engine 1. However, it is possible to
also obtain similar effects by setting the initial opening
TVOini based on only one of the start-up coolant temperature
TWINT and the atmospheric pressure Pa.

The contents of Tokugan 2010-290176, with a filing date of
Dec. 27,2010 in Japan, are hereby incorporated by reference.

Although the invention has been described above with
reference to certain embodiments, the invention is not limited
to the embodiments described above. Modifications and
variations of the embodiments described above will occur to
those skilled in the art, within the scope of the claims.

INDUSTRIAL FIELD OF APPLICATION

As described above, according to this invention, it is pos-
sible to improve cold start-up performance of the internal
combustion engine. A preferable effect is therefore expected
when this invention is applied to vehicle engines used in
various start-up environments.

The embodiments of this invention in which an exclusive
property or privilege is claimed are defined as follows:
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The invention claimed is:

1. A method of controlling start-up of an internal combus-
tion engine that has a throttle for controlling an intake air
amount and performs the start-up through cranking, the
method comprising:

detecting cranking initiation of the internal combustion
engine;

detecting an atmospheric pressure at the time of cranking
initiation of the internal combustion engine;

setting an initial opening based on the atmospheric pres-
sure at the time of cranking initiation, wherein the initial
opening is narrower than a predetermined target idle
opening;

controlling a throttle opening of the throttle to the initial
opening at the time of cranking initiation; and

starting to increase the throttle opening of'the throttle from
the initial opening toward the predetermined target idle
opening at a predetermined timing after cranking initia-
tion,

wherein the initial opening is set to a lower value as the
atmospheric pressure increases.

2. The method as defined in claim 1, wherein the initial
opening is setto a lower value as the engine temperature at the
time of cranking initiation increases.

3. The method as defined in claim 1, further comprising
counting the number of strokes or the number of revolutions
from cranking initiation of the internal combustion engine,
wherein the predetermined opening timing is set to a timing at
which the count reaches a predetermined number.

4. The method as defined in claim 3, wherein the predeter-
mined number is set in advance so as to develop an actual
intake negative pressure and obtain an intake air amount
necessary to maintain a target idle rotation speed later.

5. The method as defined in claim 4, further comprising
determining whether or not the rotation speed of the started
internal combustion engine reaches the target idle rotation
speed and delaying an ignition timing if the determination is
affirmative.

6. An apparatus for controlling start-up of an internal com-
bustion engine that has a throttle for controlling an intake air
amount and performs the start-up through cranking, the appa-
ratus comprising:

a sensor that detects cranking initiation of the internal

combustion engine;
a sensor that detects an atmospheric pressure at the time of
cranking initiation of the internal combustion engine;
and
a programmable controller programmed to:
set an initial opening based on the atmospheric pressure
at the time of cranking initiation, wherein the initial
opening is narrower than a predetermined target idle
opening;

control a throttle opening of the throttle to the initial
opening at the time of cranking initiation, and

start to increase the throttle opening of the throttle from
the initial opening toward the predetermined target
idle opening at a predetermined timing after cranking
initiation,

wherein the initial opening is set to a lower value as the
atmospheric pressure increases.
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